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Fhiuphene Based Puly(arylene ether sulfone)s: Polymerization tumed the mixture dark black. The solution was allowed to warm Ito 1-M]

of 2-Chiero-S-(4d P halophenyesulfonyl)thlopheole with temperature and then was cooled to - 10 * C with the addition of dry ice. Ihi

4,4'-lsopro pylIidened phenol excess chlorosulfonic acid was quenched with water ice and the organi,

layer was separated from the aqueous layer. The aqueous layer wa:

R.S. Archibald, V.V. Sheares, E.T. Samulski, J.M. DeSimonc$ extracted with methylene chloride and the organic layers were combined

dried over MgSO 4. filtered and concentrated in v'cuo. Vacuum dtsuilutioi

Depaitment of Chemistry (0. 1 tort, 76-80" C) of the isolated oil yielded 938 (50%).

University of North Carolina at Chapel Hill
CB# 3290, Venable and Kenan b o 2-Chloro-5-(4-chlorophenvlsulfonvl)Lhiophefe (4a). General monome

Chapel Hill, N.C. 27599-3290 synthesis conditions. A 300 mL three necked round bottom flask . lopper

with a reflux condensor, was charged with (.) ( 0.14 moles)

8Author to whom correspondence should be addressed. chlorobenzene ( 1.3 moles), and aluminum chloride ( 0.14 moles). Tht

black reaction mixture was stirred for two hours. The reaction wa,

introduction. complete at this time by GC analysis. The reaction was quenched S%!ft

water and the organic and aqueous layers were separated. The aqieouw

Poly( arylene ether sulfone)s (PAES) are recognized as important high layer was further extracted with methylene chloride and the organic layer!

were combined. The organic layers were dried over MgSO4, filtered, anri
per e e av e concentrated in vacuo leaving a solid in quantitative yield. The solid wa!

materials are commanly represented by Union Carbide's UdelTM (.) and recrystallized in methanol (3x) using carbon black initially It dccolonr, th(

ý Cl's VictrexIM (2. These PAES materials possess excellent strength, hot incthanol solution. Both compounds gave white crystals 4g. Tm -

,xidative, thermal, and hydrolytic stability and are useful for ultrafiltration 108.8 0 C and 4) Tm = 99.9 * C.
-omponents, composites, coatings, and adhesives.

General Polymer Synthesis

3*3Synihesis was, conducted in a three necked 100 mL round bottom 1l.44
Z O 0 equippced with an overhead stirrer, a Dean-Stark trap, condensor, gas inlet

and thermometer. The flask was charged with 4! (0.01364 moles)
S1 bisphenol A (0.01364 moles), dimethylacetamide (35 mL), potassiun

• SIN 0carbonate ( 0.04 moles. 3 eq.) and toluene (4 mL). This solution %%a!

-X.._f n heated between 120-125 "C whereby delydration occurred via subsequen

removal and addition of toluene over 6 h. After dehydration, the solutior

was heated at 150 °C for 18 h to obtain complete polymerization. Tht

Johlnson anid Farnham3 showed that poly( arylene ether sulfone)s could polymer was coagulated in a 50/50 water/methanol solution, dried. ant

.Je made ahrough the step growth polymerization of 4,4'- reprecipitated from methylene chloride into methanol. The polymers wert

dichimrodiphenhlsulfone and various bisphenols using aption fractionally precipitated (3X) from tetrahydrofuran with water. Gel

as di methyl s ulfoxide (DM aio) and potassium hydroxide. McGrath4 found permeation chromatography of polymers 5 possessed molecular weights ol

dM, = 2.5(X) (from 4) and M, = 35000 (from 4-) relalive to pol,,(st~rene,
that this polymerization proceeded with excess potassium carbonate and standards.
Jimethylacetamide as a solvent eventually resulting in the polymenzation of

iew sulfone monomers.5 Characterization
DeSimone and Samulski have introduced thiophene into the backbone of

,olymeric analogs of the commercially known poly(ethylene terephtalate) 6, Proton and Carbon NMR studies were completed in CDCI1 on a Varian

-,oly(ether ether ketone)s 7, poly(benzoxazole)s8 and poly(aramid)s such as XL-400 400.X MHz NMR spectrometer. A Hewlett-Packard Gas

:)uPont's KeviarTvl. 9 Thiophene's introduction into these materials was Chromalograph (5890 Series II) and Gas Chromatograph Mass

-eadil) achieved using conventional polymerization techniques and does not Spectrometer (5890A-5971A) were usefd for product identification. MellinE

Jisrupt nany of the favorable properties such as thermal stability, liquid points and glass transition tempcratures were determined using a Perkin -

:rystallihity, strength and other mechanical properties. The presence of a Elmer DSC-7. Molar mass and nolai mass distributions were examined

leteroatom in the thiophcne is expected to affect its membrane permeability, using a Waters 150-CV gel permcation chromatograph with Ultrastyragcl

olymer blending, and adhe.,ive properties when introduced into poly columns of 100. 500, 103, 1&0, and 1ls A porosities in tetrahydrofuran
arylene ether sulfone)s. Herein we report the extension of these was used with poly(styrene) standarcs (Showa Denko).
Jevelopments to the synthesis of thiophene-based poly( arylene ether
;ulfone)s. Results and Discussion.

,xperimental. The optimum route for forming the sullone monomers (4g) involved

the stoichiometric Freidel Crafts sulfonylatk n of 3; the sulfuryl chloride ol

!-1on,)mer Synthesis chlorothiophene. The sulfurne monomers wveie formcd in quartaitativc iciid

(Scheme I) and easily puiified by recrysiltization in methanol. The

-Chl•rot5-(sullurvlchloro)thioohene (3). A 2000 mL beaker was charged resulting monomers were greater thai 99.9% p~ire by GC.
vith a magnetic stirbar, chlorosulfonic acid ( 1.72 moles). CHCI3 ( 100
nL). and dry ice to maintain the temperature between 0 and -10 0 C.
:hlorothi,,phenc ( 0.84 mc4es) was added dropwise over ten minutes which



Schetne i4) Viswanarihan, R., Johnson, B.C.1 McGrath, i.E. Pod viner 1984,
1827.

4\HSO SCI 4l S0 5) Pak,S.J.; Lyle. G.D.; Mercier, R.; McGrath, i.E. polymer, 1993,
a l a 885 and2 references therein.

S S 6) Cai, R. ; Preston. J.: Samuiski. E.T. Marrom-weriles 1992. 25. 561
a7j Shcarcs, V. V. - DcSimoitc,. M. Mcrorutwletedes 1"92, 25 4235-

so Ca X ) Promistov, .1 iL. Samulski, E.T.; Preaton, I. J. J'olyin. Prepr. A

9) Stompel, S.; DeSimone. J.M.; Samuiski. E.T.;. Preston, J. Pt~v

X~asoc Prepr. Ain. Chiem. Soc., Div. Polyin. Chzem. ["2,3 1 (1), 1194.
b=F

The polymerizations (Scheme 11) were performed with a stoichiometric
ratio of monomers. 50% excess of potassium carbonate in
dimethylacetamide. This resulting polymers I were of high molecular
weight as determined by GPC data with the polymer from monomer 4b
yielded the highest molar mass. We attribute this molecular weight
difference to the greter reactivity of the fluorine-based monomer versus the
chlorine-based monomer to nucleophilic substitution. A solvent cast,
vacuum-dnied film of the polymer was of high quality and strength. This
film is transparent, amber colored, arid very creasable with a Tg = 160 0 C
approximentlv 300 C lower than Udell).

Scherm 11

a ý S2- x + HON
]1) K2CO3 Ac.

2) WDACI Toluene V-
3) 1254C, Shs
4) 150*C, i8hs

S02---&.0.0

Freidei Crafts sulfonation was used to synthesize thiophene based .I>

sullone monomers. Polymerization of these monomers led to high
molecular thiophcne based poly( arylene ether sulfone)s. These thiophene
containing polymers show similar properties to the phenyl-based
poly.(arylene ether sulfone)s. Detailed thermal analysis of these new
-natenials will be presented at the meeting.
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